Objective. Up to 70 percent of patients who receive care through Veterans Health Administration (VHA) facilities also receive care from non-VA providers. Using applied classification techniques, this study sought to improve understanding of how elderly VA patients use VA services and complementary use of non-VA care. Methods. The study included 1,721,900 veterans age 65 and older who were enrolled in VA and Medicare during 2013 with at least one VA encounter during 2013. Outpatient and inpatient encounters and medications received in VA were classified, and mutually exclusive patient subsets distinguished by patterns of VA service use were derived empirically using latent class analysis (LCA). Patient characteristics and complementary use of non-VA care were compared by patient subset. Results. Five patterns of VA service use were identified that were distinguished by quantity of VA medical and specialty services, medication complexity, and mental health services. Low VA Medical users tend to be healthier and rely on non-VA services, while High VA users have multiple high cost illnesses and concentrate their care in the VA. Conclusions. VA patients distinguished by patterns of VA service use differ in illness burden and the use of non-VA services. This information may be useful for framing efforts to optimize access to care and care coordination for elderly VA patients.
the proportion of Veterans who qualify for Medicare, a major contributor to dual use, will grow as the Veteran population ages.
Although the VA provides a comprehensive array of services, including acute medical and surgical care, primary care, mental health services, prescription medications, and other specialty care, dual use of VA and non-VA services may increase access to important services for many veterans. However, dual use also complicates efforts to coordinate health services and optimize outcomes, potentially leading to duplication of services (Trivedi et al. 2012) , care fragmentation (Hynes et al. 2007; Shen et al. 2008) , and worse health outcomes (Wolinsky et al. 2006 (Wolinsky et al. , 2007 Jia et al. 2007 ).
In the VA, coordination of care occurs by nurse care managers functioning in teams in VA primary care clinics. However, efforts to coordinate care for VA patients are complicated by the fact that substantial portions of VA patients receive care outside the VA, and dual use is growing. These issues are particularly important for elderly veterans, given the availability of Medicare to most patients age 65 and older and the substantial morbidity in elderly populations.
Understanding how veterans access different services within the VA and private sector is important for policy planning and allocation of resources on a national level as well as providing a framework around which efforts to coordinate care can be implemented on the patient level. To address this gap, the current study used VA administrative data for patients age 65 and older to empirically derive a typology of VA patient service utilization using latent class analysis (LCA; Collins and Lanza 2010) . LCA is a probabilistic method of cluster analysis that reduces a complex array of multivariate data to a format that is parsimonious and easy to comprehend. Using LCA, we grouped VA patients into similar classes based on their VA utilization patterns. We subsequently examined patient characteristics and patterns of utilization of non-VA services within each class defined to reveal insights into how Veterans complement VA care with care in the community.
METHODS

Data
Sources included administrative records pertaining to services received during 2013 through the VHA, and outside the VHA through Medicare. Information pertaining to VA encounters were obtained from VA's Medical SAS (MedSAS) datasets which contain national administrative data on VA patient inpatient and outpatient encounters (VIREC 2015a, b) . Medications received through VA pharmacies were identified from Managerial Cost Accounting National extracts (Phibbs, Barnett, and Fan 2015) . Medicare enrollment details, Part A (hospital insurance) and Part B (medical insurance) fee for service claims submitted by non-VA providers for reimbursement for hospital inpatient, hospital outpatient, and clinician office services provided to VA patients were obtained from the VA Information Resource Center (VIREC). Medicare records are available through an Information Exchange Agreement between the VA and the Centers for Medicare and Medicaid Services (CMS), which allows VIReC to maintain a repository of Medicare claims for VA patients who receive care through the VA and are also eligible for Medicare (U.S. Department of Veterans Affairs 2015 .
This initiative began in 1998 to establish a VA system of records and to acquire, merge, and maintain VA and Medicare beneficiary utilization data. The repository represents all individuals who have used health care services from the VHA since 1992, enrolled in the VHA, or are eligible for VHA health care services through compensation or pension benefits. The repository is updated annually through a process by which VHA submits to CMS an updated list of social security numbers (SSN) for individuals newly eligible for VHA care. Prior to release, VIREC assigns unique scrambled social security numbers to the Medicare claims that are consistent with scrambled social security numbers provided in other VA national patient-level data, to allow merging CMS claims with VA health care records.
Patients
We identified 2,304,251 patients age 65 or older who used VA in 2013 who were also enrolled in Medicare Part A for at least 1 month in 2013. Patients were excluded if they were enrolled in a Medicare managed care plan at any time during 2013 (due to incomplete capture of claims for Medicare managed care enrollees), leaving 1,721,900 unique patients (Figure 1 ).
Service Use
Outpatient services received in VA clinics were categorized using a multi-step process, building on an established algorithm developed by Burgess et al. (2011) . First, visits to physicians, physician assistants, nurse practitioners, and nonphysician mental health providers were identified; visits not in one of these provider categories were excluded. We then categorized provider types and CPT codes associated with each visit. Provider types included primary care (internal medicine, family practice, and geriatric medicine), mental health (psychiatrist, psychologist, mental health social workers), diagnostic radiology, other specialty care (medical subspecialists and surgical specialties), and rehabilitative therapists (physical, occupational, respiratory therapists). Physician assistants and nurse practitioners were considered primary care providers unless another specialty was noted. CPT categories included psychiatry services, evaluation and management (E and M) visits, diagnostic radiology, and rehabilitative therapy. Finally, each visit was categorized based on a combination of provider type and CPT category as follows: Mental health visits included all visits with a psychiatry CPT code or visits with a mental health provider and a concurrent E and M CPT code; primary care included visits to a primary care physician with an E and M CPT code; specialty care included visits to all other physician specialties with a E and M CPT code. Visits with a diagnostic radiology CPT code or visits to a diagnostic radiologist were considered diagnostic radiology; visits with a physical, rehabilitative, or occupational therapist were considered rehabilitative therapy. We applied the same multi-step algorithm of Burgess et al. (2011) to Medicare Part A and Part B claims to identify the use of hospital outpatient or clinician office services outside the VA by patients age 65 and older. Acute inpatient admissions in VA and non-VA hospitals during FY2013 were identified in the VA MedSAS Files and Medicare (Part A) Provider Analysis and Review (MedPAR) files, respectively. Finally, medications received through the VA were categorized using a modification of the VA Drug Class variable to identify 25 different classes of drugs. In addition, patients who received any psychiatric medication were identified. Psychiatric medications were defined primarily as tricyclic anti-depressants, selective serotonin update inhibitors, serotonin norepinephrine reuptake inhibitors, anti-psychotics, central nervous system stimulants, benzodiazepines, and miscellaneous sedatives and hypnotics used to treat anxiety and depression. We did not confirm that these drugs were taken for a psychiatric diagnosis; thus, this list may include occasional use of some medications for nonpsychiatric purposes.
Latent Class Models
Latent class analysis models were developed to reflect VA service use only and included 1,721,900 patients age 65 and older who used any VA services during FY2013. Prior to generating latent class models, we inspected the distribution of each VA service variable and categorized service use into two to four levels. The number of primary care visits and number of unique drug classes were both categorized into four levels (categories were 0, 1, 2-3, and 4 or more for primary care visits, 0-4, 5-9, 10-14, and 15 or more for drug classes). Specialty physician visits and mental health visits were categorized into three levels (0, 1, and 2 or more specialty visits; 0, 1-2, and 3 or more mental health visits). Receipt of rehabilitative therapy, diagnostic radiology, inpatient admission, and psychiatric medication was dichotomized to reflect none or any. In sensitivity analyses, we modified the category cutoffs.
Empirical-Based Typology of Health Care
Latent class models were generated using PROC LCA with SAS and were estimated using maximum-likelihood estimation (Lanza et al. 2007) . Because the optimal number of classes is not known in advance, it is often necessary in LCA to estimate the optimal number of classes underlying the data. This was performed by comparing the fit of models with increasing numbers of classes on the basis of interpretability and meaning of classes, latent class separation, model entropy, and the Bayesian Information Criteria (BIC). Latent Class separation refers to the certainty with which patients can be assigned to a single class using the mean posterior probability of class membership (Collins and Lanza 2010) . Thus, in a five-class LCA model, each patient has five posterior probabilities (indicating the probability of belonging to each of the five classes, given the observed service use). When there is good class separation, patients have a large probability of membership in a single class, with low probabilities for the remaining latent classes. Entropy is a single score that summarizes the certainty in patient classification (Collins et al. 1993) . Entropy ranges from 0 to 1, with 1 indicating perfect separation between classes. The BIC reflects the degree to which the model fits the underlying data (Dziak et al. 2012) .
After model development, we compared the use of specific types of health services inside versus outside the VA across LCA classes as identified in VA and Medicare claims. We also compared patient characteristics across LCA classes, including demographics (age, sex, race, ethnicity, rural residence, enrollment in Medicare Part D or Medicaid per Medicare enrollment files, VA Means Test category) and illness burden. Race and ethnicity were defined using the race code developed by the Research Triangle Institute (RTI) that is available on the CMS Beneficiary Summary File and has excellent agreement with self-reported race (Bonito et al. 2008) . Rural residence was defined based on the VA Office of Rural Health designation which incorporates Rural-Urban Commuting Areas (RUCA; U.S. Department of Agriculture 2015). Distance to nearest VAMC and nearest primary care were calculated using straight line distance between patient residence (based on longitude and latitude coordinates) and the longitude and latitude coordinates of the nearest VAMC or primary care clinic as identified on the VA Station Tracking (VAST) database. Illness burden was measured by the Medicare Hierarchical Condition Category (HCC) software, which identifies 79 mutually exclusive medical conditions by ICD-9-CM code. Conditions are additive, so that more HCC conditions means a greater disease burden. In addition, we identified and tallied for each patient the presence of 15 specific HCC conditions identified by Medicare as requiring chronic or special needs 
RESULTS
We chose the five-class model of VA utilization as the optimal solution. While the six-and seven-class models had modestly lower (i.e., better) BIC values, the five-class model had the best entropy (0.77) and was the most parsimonious model with good fit. Moreover, most patients could easily be assigned to a single class based on posterior probabilities, and class provided meaningful interpretations. Overall, the five classes representing different patterns of VA service use were distinguished by level of medical services, number of prescription medication classes filled, and mental health service use (Table 1 ). The LCA classes were given the following descriptive labels based on observed VA utilization: (1) Low VA medical use with minimal VA medication and mental health use (representing an expected 43 percent of patients based on posterior probabilities from the LCA model; 45.4 percent based on assigning patients to the most probable class); (2) Low VA medical users with significant VA medication and mental health use (12.7 percent mean posterior probability); (3) Moderate VA medical use with minimal VA medication and mental health use (23.1 percent); (4) Moderate VA medical use with significant VA medication and mental health use (10.5 percent); and (5) High use of all VA services including inpatient hospitalizations (10.8 percent). The five-class LCA solution provided good agreement between latent class membership based on the posterior probabilities of class membership, and based on assignment of patients to most likely class (Table 1) . For example, the LCA model estimated that 10.8 percent of patients are high users of all services; 10.5 percent of patients were assigned to the "High VA Medical User" class based on their conditional response probability. The largest group of patients, "Low VA Medical Users with Minimal VA Medication and Mental Health Use," represents 43.0 percent of the entire patient sample based on prior probabilities and 45.4 percent based on assignment of patients to the most likely class. Table 2 shows VA services used by patients in each of the five classes. Use of VA primary care, specialty care, inpatient acute care, and diagnostic radiology services was very small for the two classes labeled "Low Medical Empirical-Based Typology of Health Care .08
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Notes:
Bolded numbers represent the probability that the LCA model assigns patients to the correct class (e.g., 89% of "Low users with minimal medication and mental health services" are assigned to the correct class based on the LCA model). Users." However, Low Medical Users were further distinguished by the level of mental health and pharmacy services. Twenty percent (20 percent) of Low VA Medical Users with Significant VA Medication and Mental Health Use had 3 or more VA mental health visits, 96 percent received a psychiatric medication through the VA, and 28 percent received 10 or more categories of medications through the VA. In contrast, Low VA Medical Users with Minimal VA Medication and Mental Health Use received very few of these services. Overall, the two groups of "Moderate VA Medical Users" incurred more VA medical services compared to Low VA Medical Users, including more VA primary care visits, specialty physician visits, rehabilitative services, and diagnostic radiology compared to either group of lower VA users. However, they are also distinguished by the use of the VA for mental health and pharmacy services. Finally, 65 percent of patients in the High VA User group had 4 or more VA primary care visits during the year, and 71 percent had 2 or more specialty physician visits. High VA users also had significant use of VA diagnostic radiology, rehabilitative therapy, and prescription drugs. In additional sensitivity analyses, we evaluated the robustness of the final LCA model to alternative categorizations of VA health services. For example, we collapsed the number of primary care visits and unique drug classes into three categories rather than the four categories used in our primary model (i.e., 0-1, 2-3, and 4 or more primary care visits; and 0-4, 5-9, and 10 or more drug classes). The resulting model had slightly lower entropy than our primary model (entropy = 0.75 vs. 0.77) but resulted in identical interpretations of the resulting categories, with generally similar proportions of patients categorized as Low VA Users with Minimal Medications and Mental Health, Low VA Users with Significant Medications and Mental Health, Moderate Users with Minimal Medications and Mental Health, Moderate Users with Significant Medications and Mental Health, and High Users all services (49, 15, 20, 8, and 9 percent of patients, respectively). Further collapsing primary care and drug classes into two categories or expanding to five categories also resulted in categories with identical interpretation, but slightly modified proportions of patients in each category and slightly lower entropy.
High VA users were more likely to live in urban centers and live closer to VA medical centers, on average, than patients who used fewer services. They were also less likely to be non-Hispanic White compared to other groups and more likely to be enrolled in Medicaid (Table 3) . Low VA Medical Users lived, on average, farther from the nearest VA medical center. The mean number of medical conditions identified by Medicare HCC model, and number of conditions representing chronic or special needs were similar for Low VA users with minimal VA medications and mental health (column a) and Moderate VA users with minimal VA medications and mental health (column c), suggesting roughly similar illness burden for the two groups despite the difference in the use of VA care. Low VA users with significant VA medications and mental health (column b) have a slightly greater number of HCC conditions-possibly reflecting the increased burden associated with mental illness. Not surprisingly, High VA users had the most medical conditions, including conditions representing chronic or special needs.
Interesting patterns of complementary dual use between VA and Medicare services are revealed corresponding to the first four patient LCA classes of VA Utilization (Table 4 ). The mean of total number of primary care visits (i.e., VA and non-VA combined) is generally similar across the four LCA classes of low and moderate VA medical users, with the mean total primary care visits during FY2013 ranging from 3.51 to 3.73 across the four classes. While low and moderate VA users experienced roughly similar total numbers of primary and specialty service visits, moderate VA users have a greater reliance on the VA for these visits. For example, among Low VA users with minimal VA medications and mental health services, 32 percent of total primary care visits occurred through the VA (i.e., on average, 1.11 of 3.51 total primary care visits occur in the VA)-compared to 73 percent among moderate VA users. Patients in the high VA user class rely substantially on the VA for all services, with the exception of emergency room visits. For all classes, patients received the majority of mental health services through the VA.
DISCUSSION
This study provides a comprehensive typology of VA health system use by applying latent class analysis to administrative utilization data from the VA health system. We successfully identified five unique classes of VA patients distinguished by low, moderate, and high VA service use, with further distinctions based on their use of VA mental health and pharmacy services. These parameters suggest that the use of VA care by veterans is determined by medical acuity as well as the need for mental health or pharmacy services. Specifically, we classified more than half of all elderly VA patients as low users of VA medical and specialty services, with the majority of Low users also using few VA mental health and pharmacy services. Moderate users of VA medical services comprised about one-third of all elderly VA patients, and nearly two-thirds of moderate users also used relatively few VA mental health and pharmacy services. Approximately 10 percent of elderly VA patients were categorized as high users, meaning that they incurred substantial use of all VA medical, mental health, and pharmacy services, as well as acute inpatient and emergency care. We also demonstrated that the reliance on VA services relative to Medicare services differed substantially within each of the five patient classes. Surprisingly, Low VA users and Moderate VA users had relatively similar illness burden and total health service utilization, but differed substantially in the degree to which they relied on the VA for care. Like previous studies (Weeks, Mahar, and Wright 2005; Liu et al. 2009 ), our study found that veterans who needed mental health service typically seek those services within the VA. Reliance on the VA was highest for patients with the greatest disease burden.
Multiple prior studies have investigated dual use, particularly among the elderly with Medicare coverage. Liu et al. (2010b) found that over 30 percent of Medicare-eligible VA primary care patients also received primary care through Medicare, and over 60 percent received specialty care through Medicare. Moreover, the proportion of VA patients who rely on the VA for care has decreased over time, especially for specialty care (Liu et al. 2011b) .
A few prior studies have used LCA to classify individuals on the basis of service use, although few that focused specifically on VA patients. Hastings et al. (2010) identified five categories of ED patients based on the use of primary care, specialty care, ED visits, and hospitalization during the 12 months prior to the index ED encounter. Other studies used LCA models to investigate services used by caregivers (Beeber, Thorpe, and Clipp 2008; Hong 2010) and to describe the demand for health services among elderly patients (Deb and Triveki 2002) . Prior applications of LCA to veteran patients have focused on risk profiling (Funderburk et al. 2008; Cho et al. 2017) , psychiatric comorbidity patterns (Cadigan, Klanecky, and Martens 2017; Richardson et al. 2017) , and service utilization among veterans with diabetes (Radomski et al. 2016) .
Empirical-Based Typology of Health Care
Overall, these findings have multiple important implications for the management of elderly VA patients with dual use of community services. Importantly, this study demonstrates that VA patients are largely delineated by use of medical services, pharmacy, and mental health services, suggesting that activities of clinical primary care teams can be targeted to specific patient subsets. For example, mental health services are a common reason to seek care from the VA, even among patients with few medical needs or patients whose medical needs are addressed through providers outside the VA. Thus, one could argue that facilitating the provision of mental health services within the VA for these patients is important, yet coordinating other care that is largely delivered outside the VA may be more challenging and possibly even duplicate coordination efforts of primary care teams outside the VA. Similarly, many patients opt to receive medications through the VA yet may not receive the majority of their care through the VA. Having access to pharmacy management and medication reconciliation strategies may be important for managing these patients, particularly for patients whose VA medical records are incomplete due to not including documentation of services obtained outside the VA. In addition, assessing VA's performance on patient outcomes is incomplete and potentially misleading if care received outside the VA is not also considered. For example, within the VA, adoption of medical home features has been shown to be associated with lower rates of avoidable hospitalizations (Yoon et al. 2013) . However, these results do not account for hospitalizations occurring outside the VA, which account for the majority of inpatient admissions among VA patients. Thus, changes in the use of non-VA hospitals for inpatient care may distort perceived benefits of PACT within the VA and obscure overall costs to the federal government.
Second, the finding that high users of VA services rely on the VA for the vast majority of their care highlights the important role of the VA as a safety net for veterans, particularly veterans who are most burdened by illness and require substantial health services. Coordination of care for these patients occurs primarily within the VA system, but is nevertheless complex due to the diverse services and medications used by these patients. In additional analysis, we determined that, although high VA users represent only 10 percent of all VA patients, they account for 90 percent of all inpatient admissions to VA hospitals and nearly half of all specialty care visits. Thus, careful management of this relative small portion of VA patients may have a tremendous impact on overall VA health services utilization.
Finally, this study also identifies categories of patients for whom information in VA medical records may be missing important information about medical services utilization that is received outside the VA. In our study, more than 40 percent of elderly VA patients use relatively few VA services, with the majority of care received outside the VA for those patients. While VA providers may have a rough understanding that a large proportion of elderly VA patients use relatively few services, they may be unaware of the degree to which such patients use services outside the VA. Failure to recognize total illness burden and the use of other health services has important implications for the provision of care and allocating resources to meet the needs of aging veterans. For example, Ried et al. (2007) identified 25 percent more VA patients with a history of stroke using Medicare and VA records combined, compared to using VA records only. This study provides information regarding the potential that VA data do not capture all services for specific classes of patients, types of services that are most likely missing, and categories of patients for whom VA medical records likely represents all services.
This study has limitations. First, evaluating service use using administrative data sources from different health care providers or payers is challenging. Burgess et al. (2011) describe in detail the nuances and complexities of evaluating service use in administrative data from different administrative data sources. With Medicare data, diagnosis and procedure codes are often recorded to maximize reimbursement, while in the VA reimbursement is not relevant. Nevertheless, VA providers are increasingly pressured to capture complete data for their patients as such data are used for performance and workload measures. Our study built on the system developed by Burgess et al. (2011) for classifying individual services in VA data sources, which was demonstrated to have good negative and predictive values for classifying primary and specialty services. Second, our typology of VA service use included patients age 65 and older only and therefore may not be generalizable to younger veterans. Third, the cutoffs we used to define levels of VA service utilization were admittedly somewhat arbitrary. We conducted sensitivity analysis to determine whether the cutoffs used to define levels of primary care, specialty care, and other services impacted results substantially. We found that the interpretation of LCA classes identified was remarkably similar regardless of the specific cutoffs, but the proportion of patients identified as low, moderate, or high users of VA services varied modestly depending on the cutoffs. We did not perceive substantial impact of these analyses on our conclusions. Fourth, we conducted the LCA analysis on VA data only. Future studies will use this analysis for combined VA and Medicare data. Fifth, our analysis did not reflect medications received through Medicare. Nevertheless, Medicare enrollment data indicated that the majority of VA patients (nearly 80 percent) in our cohort were never enrolled in Part D during the observation period, with reasonably similar Part D enrollment across the five classes of VA patients (ranging from 76 to 83 percent). Finally, our study did not include feebased VA care, which is care provided in non-VA facilities that is paid by the VA. Inclusion of outpatient fee-based care is problematic because VA data files for outpatient fee-based care generally contain fewer details regarding specific types of services provided. We did, however, conduct additional analysis in which fee-based inpatient admissions were included in our analysis, and results were very similar.
VA serves an important role in the care of elderly veterans. It is a central provider of mental health care, its pharmacy benefits are highly valued, and veterans with high need for health services and accompanying acute care seek most of their services at VA relative to non-VA care. Nevertheless, most elderly veterans also receive care outside the VA. While the use of non-VA care will likely increase with the Veterans Choice Act, combined VA and community care, in one form or another, has been common in the VA for decades. Such care requires effective coordination of care, user-friendly health information exchange platforms, and protocols for transitions between VA and the community. Since 1998, the VA Information Resource Center and Centers for Medicare and Medicaid Services (CMS) have made linked VA-Medicare claims and enrollment information available to VA researchers, clinicians, and policymakers to better understand care received outside the VA for veterans dually eligible for VA and Medicare services. This linking of data provides an opportunity to gain clinical insight into the needs of elderly veterans and potential missed opportunities for care coordination. Moreover, by linking data over multiple years, future research may evaluate the impact that policy changes, such as changes in pharmacy benefits or the availability of inpatient and specialty services has on access to care and the use of services outside the VA.
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